It has long been clear that there are two components of the B cell response to antigen. There is an early phase of proliferation in which the responding B cell population is expanded many times, and a later phase of differentiation in which the already proliferating B cell moves on to the immunoglobulin-secretion stage. It has been suggested that separate signals are involved in each phase (1); it has also been realized that there must be an initial lag phase (2) before the onset of proliferation; more recent studies (3) have defined this activation step as a separate event.
chromatography (8, 9) . A similar activity has been isolated from the supernatants of phytohemagglutinin-stimulated human peripheral blood lymphocytes by Kishimoto et al. (10) .
In the studies of Howard et al. (8; and M. Howard, personal communication) this combination of factors did not induce Ig secretion which was only seen when two additional factors were added: One was an IL-2-containing supernatant from EL4, and the other a T cell-replacing factor (TRF) containing supernatant from the T cell hybridoma described by Takatsu et al. (11) .
Very recently, DeFranco et al. (3) have shown that low concentrations of anti-/~ (1 ~tg/ml) induce blast transformation, but higher concentrations and/or other factors are required for the cells to enter into the S phase. Other TRF activities and some B cell secretion factors have been described (12) (13) (14) (15) (16) (17) .
In our own studies (18) (19) (20) we have shown that antibody-forming cells were only obtained when both an IL-2-containing supernatant and a TRF-containing supernatant from the long-term alloreactive Dennert line C.C3.11.75 (DL) were present. In this system we measured the IgM response to sheep erythrocytes (SRBC) ofanti-Thy-1 and anti-Lyt-2 plus complement-treated Sephadex G-10-passaged B cells from the spleens of anti-thymocyte serum-(ATS) injected mice. Similar observations have been reported by Leibson et al. (14) using a factor present in Con A-induced supernatants. We have called the activity revealed by the IL-2 synergy assay (DL)TRF.
A puzzling feature of all these studies is the apparent requirement for the T cell growth factor IL-2. We have found that although some IL-2-containing supernatants contained a factor that supported B cell proliferation, this activity did not parallel the activity of these supernatants. However, the TEF activity of these supernatants, as measured in the antibody response assay, did closely parallel the T cell growth factor activity over a 1000-fold range of activity (19, 20) . For this and other reasons we have concluded that it is IL2 itself rather than another factor present in the IL-2-containing supernatants that is required.
The DL culture supernatants also have proliferation-inducing activity when assayed in the single cell system described by Wetzel and Kettman (2 i) in which the frequency of B cell clonal expansion induced by mitogens and other agents can be examined. We found that the frequency of B cells induced to clonal expansion by lipopolysaccharide (LPS) and dextran sulfate under suboptimum conditions can be increased severalfold by the presence of DL culture supernatants (22) . This observation and others raise the question of whether these supernatants contain a single activity, (DL)TRF, active in both assays, or whether a separate factor (or factors) is involved.
In the course of our studies, we found that most (DL)TRF-containing culture supernatants of the (DL) line contained a factor that stimulated B cell proliferation. We have called this factor (DL)BCGF. In this paper we will present the results on our studies of this B cell-growth-promoting activity. We describe here the conditions for the production of large amounts of this activity; its assay, both with normal B cells and the in vivo-passaged B cell tumor line BCL1; and demonstrate that it can be absorbed onto BCL1. This B cell-growth-promoting activity can be shown to be distinct from both IL2 and (DL)TRF. The activity described here is compared with the activities present in a number of other sources of B cell-growth-promoting activities.
Materials and Methods
Animals. Mice of strains CBA/N, DBA/2J, C57BL/6J, BALB/c, and BALB/c ByJ were raised in our own colony from breeding pairs originally obtained from The Jackson Laboratory, Bar Harbor, ME. BALB/c Ke breeding pairs were obtained from the Salk Institute, La Jolla, CA. All Fa hybrid mice were bred in our own colony.
Monoclonal Antibodies (MoAb).
The cell line making anti-Thy-1.2 F7D5 was a kind gift from Dr. Phil Lake (University College, London England). The line making anti-Thy-l.2 H0.13.4 was a kind gift of Dr. Ann Marshak-Rothstein (Massachusetts Institute of Technology, Cambridge, MA) and anti-Lyt-2.2 AD4.15 was a kind gift of Dr. Michael Bevan (Scripps Clinic and Research Foundation, La Folla, CA). All antibodies were from ascites taken from Pristaneinjected mice inoculated with tumor cells.
Tumor Lines. The in vivo-passaged BCL1 tumor was a kind gift of Dr. Sam Strober' Stanford University School of Medicine, Stanford CA. (23) . The tumor was maintained by intravenous injection of 106 cells from the spleen of tumor-bearing mice 6-10 wk after inoculation. BALB/ c ByJ or BALB/c Ke were used interchangeably as tumor-bearing animals. Palpable tumors appeared in these mice 4 wk after injection. Tumor cells were used in proliferation experiments at anytime between 1 wk after the appearance of tumors (5 wk) and the death of the animals (8-10 wk). BCL1 cells were B cells expressing IgM (24) ; such cells have previously been shown to proliferate and secrete IgM in response to LPS (24) and in responses to anti-Ig and/or certain TRF (25) 
including (DL)TRF (16).
Factor-producing Lines. IL-l-containing supernatants were obtained by taking the 4-or 5-d culture supernatant of P388D1 cells (26) originally a gift of Dr. Steven Mizel. IL-2-containing supernatants were obtained from FS6.14.13 (27) or AOFS.21.10.9, gifts of Doctors John Kappler and Philippa Marrack (National Jewish Hospital, Denver, CO). The supernatants were induced with 2 ~g/ml Con A in the absence of fetal calf serum (FCS). Alpha-methyl mannoside (a mm) was added to the resultant supernates at a final concentration of 10 mM. (DL)TRF and (DL)BCGF supernatants were prepared as described previously (18) by stimulating 105 DL cells/ml (28) with 2.5 × 106, stimulator eells from the spleen of mice bearing Ia k that were treated with anti-Thy-l.2 plus complement and mitomycin (25 /~g/ml). Supernatants were collected after 18-24 h and stored frozen at -70°C. In some cases supernatants were made in the absence of stimulators. DL cells were cloned at 0.5 cells per well and several lines with desirable growth and factor production characteristics were chosen. Supernatants were obtained from these sublines by similar methods. Supernatant from the TRF-producing clone B 151K12 (TAKB15) (11) was a kind gift of Dr. Kiyoshi Takatsu. TRFActivity. The ability of supernatants to replace T cells in the antibody-forming response was determined as described previously (18) . B cells prepared as above for normal B cell proliferation were cultured at 6 X 105 per well in the presence of 10-30% IL-2-containing supernatant (FS5.14.13 or AOFS 21.10.9) and 0.01% SRBC. After 4 d ofcuhure, direct plaqueforming cells (PFC) to sheep erythrocytes (SRBC) were determined by the slide modification of the Jerne plaque assay. Geometric means and SE of triplicate cultures were determined.
Assay for
IL-2 Activity. IL-2 activity was measured as reported previously (18) by incubating 5 × 103 cells of an IL-2-dependent NK cell line with several 1:2 dilutions of putative IL-2-containing supernatants.
[125I]UdR was added at 24 h, and cultures were harvested and the incorporation of label was determined as for B cell proliferation. IL-1 activity was determined in a thymocyte costimulator assay, as reported previously (18) .
Results

Assay of B Cell-Growth-promoting Activity from the DL T Cell Line. When cultures of
the long-term alloreactive T cell line DL (28) or clones derived from this line (29) are stimulated with IAk-positive T cell-depleted spleen cells, the 24-h culture supernatants contain both an activity that we have called (DL)TRF, which is necessary for the B cell direct PFC response to SRBC, and a B cell-growth-promoting activity. Our studies with the (DL)TRF activity have been previously described (18) . This study concerns the second activity, which promotes B cell proliferation.
We have assayed this ( obtained from mice injected 3 d and 1 d before killing with ATS as described in Materials and Methods. In this assay, in contrast to the assay described by Parker (7) and by Howard et al. (8) , no anti-Ig is added. Significant stimulation is seen when as little as 0.1% DL culture supernatant is present, and the inhibition at higher concentrations if often seen. In the second assay ( Fig. 1 B) , the B cells are from the B cell tumor line BCL1. BCLl-enriched populations were obtained from the anti-Thy-1 anti-Lyt-2 spleen cells from mice inoculated with BCLx 4-8 wk before killing. DL culture supernatants contained B cell-growth-promoting activity, as measured in both assays, and the degree of stimulation of [12SI]UdR uptake was found to be concentration dependent (Fig. 1 ). Significant stimulation was seen when as little as 0.1% supernatant is present in the assay.
Culture supernatants from other sources are also active in the normal B cell proliferation assay (Fig. 1 A) . Thus a modest stimulation is seen with a supernatant from the TRF-producing hybridma TAKB15, the IL-l-containing supernatant of P388D1, and the IL-2-containing supernatant of AOFS.21.10.9 (hereafter referred to as AOFS).
In the BCL1 proliferation assay (Fig. 1 B) , only the supernatants from DL have appreciable activity, with a low level of activity present in the TAKB 15 supernatant. P388D1 and AOFS supernatants are negative. The results from a number of experiments are summarized in Table I .
The activities in the AOFS and DL supernatants are additive or slightly synergistic in the normal B cell assay but do not contribute to BCL1 proliferation (Table II , experiment 1). The normal B cell proliferation is enhanced by the presence of anti-/~ serum both in the presence or absence of DL supernatants (Table II, Results of two representative experiments in which DL supernatants mixed with other inducers were added to B cell proliferation assays are shown. Results are presented as both geometric mean counts per minute per culture (_+SE) and as SI. A machine background of 50 cpm has been subtracted from all counts. * Percentage (vol/vol), apparent depression seen when anti-bt was added to the highest concentration of DL supernatant was seen in some, but not all, experiments. Thus there are a number of differences in the characteristics of the two assays.
The amount of B cell-growth-promoting activity in a variety of DL supernatants is not proportional to the amount of (DL)TRF measured in the IL-2 synergy assay (S. L. Swain, unpubished results) and is therefore most likely the property of a different factor. More definitive evidence for this was provided by the absorption experiments shown below.
Absorption of B Cell-Growth-promoting Activity on BCLI Cells. DL culture supernatants with high levels of B cell-growth-promoting activity were absorbed with in vivo passaged BCI1 as described in Materials and Methods. The resulting absorbed supernatants were assayed for residual growth-promoting activity in the two B cellproliferation assays and for (DL)TRF activity in the PFC synergy assay. The results are shown in Fig. 2 . It can be seen that the B cell-growth-promoting activity absorbed on BCL1, as measured in both the normal B (Fig. 2 A) and BCL1 (Fig. 2 B) assay, but there was only a slight reduction in the (DL)TRF activity as assayed in the synergy assay (Fig. 2 C) . The presence of the absorbed supernatant did not inhibit the activity in the unabsorbed supernatant (legend to Fig. 2 ). • 10 u u.
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F1o. 2. Effect of BCL1 absorption on DL activities. 1-ml aliquots of DL supernatant were either incubated without cells (control, O) or with a total of 4 × 10 s BCL1 cells (absorbed BCLI, 0)
. The absorption was done for 2 h at room temperature on 2 X l0 s cells followed by absorptions on l0 s cells each. Both supernatants were then dialyzed before testing. The same supernatants were tested for activity in the three assays shown. When a 50:50 mix of absorbed and control supernatants was tested at 2% in the BCL1 proliferation assay the proliferation was 89% of the control alone. Mixes at other concentrations also showed no evidence of suppression.
The BCLl-containing spleens were still able to absorb the activity when treated with anti-Thy-l.2 and complement or after glutaraldehyde fixation (Fig. 3) . Comparable numbers of normal BALB/c spleen cells did not produce a measurable reduction in B cell-growth-promoting activity (Fig. 4) . None of these absorption significantly affected the TRF activity of the supernatants (Table III) .
Enhanced Production of B Cell-Growth-promoting Activity from DL.
The level of B cellgrowth-promoting activity in the supernatants of IAk-stimulated DL cultures is somewhat variable. It can be markedly enhanced, however, when DL is cultured in the presence of IL-2-containing supernatants (Fig. 5 ). In these experiments there is no need to add IAk-positive stimulator cells, and the IL-2-containing culture supernatants used to induce the production contained negligible amounts of B cell-promoting activity when assayed directly. It is clear that the B cell-growth-promoting activity must come from the DL cells themselves and is therefore a T cell product. The increased production of B cell-growth-promoting activity, caused by stimulation with IL-2-containing supernatant is, in general, accompanied by a reduction in the output of (DL)TRF activity.
Production of B Cell-Growth-promoting Activity from T Cell Clones Obtained from the DL Line.
A number of clones or sublines have been obtained in our laboratory from DL cells. The clones were obtained by cloning at 0.5 cells per well. Some of these clones (Table IV , DL.A4 DL.B10) were able to produce large amounts of B cell-growthpromoting activity when cultured under the appropriate conditions. One of these clones DL.A4 (Table IV) produced appreciable levels of (DL)TRF and B cell-growthpromoting activity constitutively in the absence of stimulators of IL2-containing supernatants. It should be noted that these clones are still antigen reactive and require Fig. 2 . Supernatants were added to normal or BCLz B cells as described in Fig. 2 . The TRF activity of these supernatants is shown in Table III . 50:50 mix of control and absorbed supernatants added at -<2% gave BCL1 proliferation within 20% of that with control supernatant alone.
antigen stimulation for their propagation.
B Cells from X-linked Deficient (CBA/N X DBA/2)F1 Mice. B cells from female
(normal) or male (deficient) F1 mice were cultured with a variety of culture supernatants containing B cell-growth-promoting activity (Table V) . It can be seen that B cells from the deficient mice showed little or no response to these supernatants compared with those from the normal mice.
Discussion
B Cell Growth-promoting Activity and Its Assay. The results presented here show that
there is a B cell-growth-promoting activity present in the culture supernatants of the DL cell line. This activity can be scored in two B cell assays. In one, the B cells are obtained from the spleens of normal mice; in the other, the B cells are obtained from mice carrying the in vivo B cell tumor line BCL1. The spleens from which the latter B cell preparation is made contain from 70 to 90% tumor cells. In both preparations, exhaustive efforts were made to remove non-B cells. The spleen cell suspensions were treated with anti-Thy-1 and anti-Lyt-2 MoAB and complement and were usually passaged through Sephadex G-10 columns. In the case of the normal B cell preparations the mice were injected with ATS before killing. Our goal in developing a B cell-proliferation assay is to provide a system in which the responding B cell is acted on directly by only a single factor and responds by proliferation. There are a number of indications, however, that suggest that the Table  III . In experiment l the same supernatants shown in Fig. 3 were tested for TRF activity in synergy with IL2. In experiment 2 supernatants were prepared in an identical manner to those shown in Fig. 4 and were tested. PFC to SRBC were determined on day 4. The background PFC in cultures without TRF were 28 (24) (25) (26) (27) (28) (29) (30) (31) (32) . The geometric means (±SE) of triplicate cultures is shown. * Percent (vol/vol) of DL supernatants. normal B cell assay and perhaps the BCL1 assay are still complex.
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First, it is clear that the two assays do not have the same response characteristics.
The BCLa assay responds only to the DL line culture supernatants and those from the TRF-containing supernatants of the Takatsu hybridoma TAKB15. The normal B cell assay responds, in addition, to an IL-l-containing supernatant from cultures of . These supernatants were subsequently tested in the four assays shown. Cells of the original DL line (DL.9) and two subclones were incubated either alone or with 30% AOFS. Supernatants were collected after 24 h and tested for B cell growth-promotion activity.
P388D1 and to an IL-2-containing supernatant, AOFS.
The normal B cell assay shows additive effects when combinations of stimulators are present. The BCL1 assay responding only to the activity in the DL or TAKB15 supernatants is not affected by additional factors. We speculate that although the BCL1 B cell preparation contains predominantly the tumor BCL1 cell at a particular stage of differentiation, the normal B cell population may contain a variety of subsets or populations of B cells at different stages of differentiation. It is also possible that there are more contaminating, non-B cells present in the normal B cell population that can act as intermediaries in the response to a variety of factors.
The BCLa assay is clearly less complex. It is of interest that, in contrast to other assays (3, 7, 8, 30 ) the BCL1 assay does not require the presence of the agent anti-/1 to provide a polyclonal activator signal, nor does it require the presence of added IL-1 Two representative experiments are shown in which the spleen cells of (CBA/N X DBA/2)F1 female and male littermates were compared for their proliferation in response to supernatants and other inducers. Results are presented both as geometric mean (counts per minute) per culture (±SE) and SI.
* Vol/vol.
or IL-2 (because these are absent from the DL supernatants). Although the BCL1 assay may at first appear to fulfill the criteria of an ideal assay, as exemplified by the IL-2 assay that uses a T cell growth factor-dependent T cell line, we do not believe that the two assays are necessarily comparable. The BCL1 preparation is not a cloned line and experiments in which we have titrated the proliferation response against B cell number (now in progress) at least raise the possibility that other cells may still be involved. For this, and other reasons, we have referred to the activity as B cell growth-promoting factor rather than a growth factor per se. We have, however, used the abbreviation BCGF, because this is the abbreviation used by other groups (8, 10) to designate a similar activity. It should be emphasized, however, that the BCL1 assay in its present form does provide a very sensitive and selective assay for the B cell-growth-promoting activity and does not respond to IL-1, IL-2, or (DL)TRF (see below).
(DL)BCGF Can Be Distinguished from (DL)TRF, IL-2, and IL-1.
The DL supernatants contain an activity, (DL)TRF, that we have measured in the IL2 synergy assay (18) in which the B cell response to SRBC is scored. Most preparations with high (DL)BCGF activity are devoid of measurable ILl or IL2 activity. The (DL)BCGF activity can be reduced at least 100-fold by absorption to BCL1 tumor cells, whereas the (DL)TRF activity is reduced no more than the degree expected by the dilution inherent in the absorption procedure. The (DL)BCGF and (DL)TRF activities are clearly separated by this procedure. That the apparent absorption is not a result of the release of an inhibitor material is shown by the appropriate mix experiments (see legend to Fig. 2 ). Glutaraldehyde-fixed BCL1 preparations also offer compelling evidence that the effect is indeed a result of a passive process of absorption and does not appear to require any metabolic event. Anti-Thy-1 and complement-treated BCL1 preparations from ATS-pretreated mice are also effective, whereas comparable numbers of normal BALB/c T cell-depleted spleen cells show no measurable removal of activity. One might have imagined that normal spleen would contain some cells with receptors for the activity; the explanation for the striking difference between BCL1 and normal spleen is not immediately apparent.
The Production of (DL)BCGF. The DL line is maintained by weekly stimulation with IAk-positive stimulator cells. In our previous studies (18) we have, in general, harvested culture supernatants 24 h after antigenic restimulation. Such culture supernatants contain somewhat variable amounts of (DL)TRF and, as described here, (DL)BCGF. We have adopted two strategies to increase the level of these activities, to produce supernatants with predominantly one activity or the other, and to demonstrate that the activities are the product of the T cell line and do not come from the stimulator cells.
In the first method we have shown that large amounts of (DL)BCGF activity can be obtained if DL is cultured in IL-2-containing supernatants instead of the IA kpositive stimulator cells 1 wk after the last stimulation. This induction of increased factor production is reminiscent of the effect described by Raulet et al. (31) in which increased levels of TRF activity were obtained from cells cultured with IL-2.
In the second, we have derived clones or sublines of the original line. Several of these sublines, e.g., DL.B10, can be induced to produce high levels of (DL)BCGF activity on culture with IL-2-containing supernatants, whereas another, DL.A4, produces a substantial level of (DL)BCGF in the absence of IA k or IL2 stimulation. These observations provide direct evidence that the (DL)BCGF activity is derived from the T cell line itself and provide an excellent source of material for purification and other studies.
Lack of Reactivity of B Cells from the Spleens of X-linked Deficient
Mice. B cell preparations from the spleens of (DBA/2 × CBA/N)F1 male mice were prepared in the same way as described for the B cells for the normal B cell assay. These cells show little or no response to the (DL)BCGF preparations or other preparations that stimulated the B cells from normal (DBA/2 × CBA/N)F1 female littermates. This observation is compatible with the findings of a number of other investigators (32, 33) .
One interpretation of this observation would be that the (DL)BCGF acts only on the subset of B cells that is missing in the X-linked deficient mice. The nature of the X-linked defect is still unclear, however, and other interpretations cannot be excluded yet. It is possible, for example, that in the deficient mouse B cells of both subsets fail to reach the differentiation state in which they can respond to the (DL)BCGF, whereas in normal mice both can respond.
Summary
Culture supernatants from a long-term alloreactive T cell line, the Dennert line C.C3.11.75 (DL) contain a B cell-growth-promoting activity. This activity can be assayed on normal B cells or on the in vivo BCL1 tumor line. We have called this activity (DL)BCGF. This activity can be distinguished from the T cell-replacing factor activity we had earlier found in DL supernates [(DL)TRF], which is required together with IL2 for the B cell plaque-forming cell response to erythrocyte antigens. The (DL)BCGF can be absorbed on untreated or glutaraldehyde-fixed BCLa. This absorption does not remove (DL)TRF activity. The production of (DL)BCGF is greatly enhanced when DL is cultured with IL2-containing supernatants. Sublines or clones of DL (DL.B10 and DL.A4) have been obtained that make large amounts of (DL)BCGF in the absence of any stimulator cells or IL2. B cells from the xia-deficient male (DBA/2 × CBA/N)Fx mice do not respond to (DL)BCGF.
